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(54) IMMERSION AUGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an immersion aligner which does not cause 
the deterioration of its image forming performance. 

SOLUTION: An immersion aligner which is provided with a projection optical system 
PL which transfers a pattern Pa drawn on a reticle R to the surface of a wafer W 
and print-transfers the pattern Pa, and in which at least part of the working 
distance L between the lens surface Pe of the optical system PL closest to the 
wafer W and the wafer W, is filled up with a liquid LQ which transmits exposing light 
IL is constituted so that the working distance L may meet a relation, l<k/(0.3 x 
&verbar;N&verbar;) (where, X and N (1/* C) respectively represent the wavelength 
of the light IL and the temperature coefficient of the refractive index of the liquid 
]Q). In addition, the liquid LQ is prepared by adding an additive which reduces the 
surface tension of pure water or increases the interface activity of the pure water 
to the pure water. 
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A/ (0. 3X I N I ) 

So 

> >f X^>j;^<3D^ i^O^i^Jtc 

So 

im^e ] mfiB3ffiK*^*<^>«fc•?x>r^^ll|<D5fess*^ 

JfeU/c. iS*«K 2. 3. 4X«5iB*lt<D?g?IMg^ 

0. ifiBffii*icJ:-:>r7--^>^f'^X^>x«:iiSI/c"r 
m^:iLmL. miiB^tol-^'r-T/JUl^CCjlyiBiSf^^fi^t&L 

^mifc. tf*3B 1 - 7 cDii-rn:e>i i ^fB*8€>«s^s 

ci;&5r*^<fc^^BuiB'i?xyN^i- ^<D±ffi51-ia«:iS 
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rci^&^rt^i^^cmiiB'^x-'^^i' >:5'C^>±ffi^1'^cc 

MSP«rS:Kl/. SJIB'^ x^>^ ^» e?^SiiL'rit>tt< i 
fc3*CDf>«:8W, ^XJ^^^ vi7<omtmSI^<0±V& 
^BuiBS«5*^S<:0TS<fc Otfi<-r^Ci7:^'C€r^J: 

So 

[fi*]i 1 1 ] mtEm=^<D-m^(^cmm^&m^ ft 
^|pijfii//c, 1 - 1 QcDc^rtijj^^ 1 jsiatgo^a 

--^lX>)«C:r. ^s^--0cASiLrJ5«T€>*m^«riB 

20 8. 

[000 1 ] 

[0002] 

*-tf:^^^m^irt&^i^^rj:^(D&^tz^^. 10m 
40 [ 0 0 0 3 ] ®^t^(D^3tSgarti. y-^^^^^x-^x 

4. 3 4 6, 1 6 4^CD^3R:§a^$n/ct$(*J^5tilg$ 
(OtX^X. !^gg^6 - 1 2 48 7 3-^^$BCC||7j^$n/c 



r, mc < ^mw-e - 1 2 4 s 7 3^^mi^&m. xit 

C0004] 
{0005] 
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x$)^. tfc. mimi^tbx. myi^omm^t^^W^'P 

mm Lfc i><oim^>fc c t immttmmmmms. 
[0006] arffC^mnoim^mM-r^. mm^^ 

( 1 ) Hf^imr^. 

AF = Lx I N I XAT •••• (1 ) 
[0007] jSmO^gLg^ffiATCCOC^T^. ^<0i^— 

0. 0 rC|iSOfiS»«:^i^¥SE'r^iSl^3h^o L 
AF = LX I N I XO. 0 1 (la) 

20 'cmiiLxmiLfcmx^^o 

[0008] mmmouBLmi^<Dmiim»tm*x:K 

tr<a^j:0. mtfS«."C«N = ^9X 1 O-'/'CT* 
^(Df^nOX. ^cDii'&CiN^-SX I O-VCr* 
0. 10 0{gi5UM:^i^^^« ffe^T, i^/hSi^^Tfe^M© 

Omm-Ci-Ss&i. L= 1 Ommr*^iOTfe. 
ffiilX^ A F l*Jei TO J: ^ w: ;^ ^ . 



A/ (0. 3X I N I ) * 

AF= 1 Ommx I -9x 1 0-'/*C I XO. 0 1 'C 
= 0. 0 9 nm 
: AF= 1 Ommx I -8x 1 0-'/*C I XO. 0 1*0 
= 8. Onm 
[0 00 9] U*^^)tC-®CC^tfe?g®iRMAF^i. 

ig:gAco 1/3 o«tj5^m^o< . -r^c^b^. 

AF^A/30 •••• (2) 
3jrSJSfir^Ci3!)«»$Ll^. t?«;i««gl 9 3nm<DA 
r F :cc^i/vU-1f--€rS7fefei OrfflC*^ i *{C«. 
AF<6. 4nmib^M^Ll\ "J -^ly^f ^ T^^l^Ts 

[0 0 10] ( 1 a) S:<i: (2) ^tt^h. 

A/ (0, 3x I N I ) (3) 
^ff6o L/c:?t»^or (3) ^«:«/crc£(CJ:*3, 



[0 0 1 1 ] 
[00 12] 

1 9 Z nm<0^^ iVT.it^Wsi'r h A T Fx=^i/-vu-lf 
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[0013] U^^;l/R«. ^2S7feB$CC«;^#j:j:>^ h 

tifc^mm (w-mmp::^-'r-^^-) mr r«:u— tf 

[0 0 14] r3>f'>1f-lx>X3^l 2<h ^ ^- 

oai^UVX^PLcD^lcfiiAXt^. R?f5'Y^~->^:7 ^ - 
JWF(D*.Cv«#.^il*3, flS??^l Oi:3>r>1f-U>X 

^/cfi:i^U>X|^PL(*. iSSl 9 3 nm<DSI^jgiCC*t 

6n/c«fKtjcou>xm^r'*t^$n. li^E^s^^ciEo 

>'^''7-^S:}$0^>X^^^C^^:>n'5, $6CC!ffl|jU>X 
^ P L <^>SSfcft<D U > Xm^^S^E-r '5>IStB<?>rt a5« . 

X.^ 1 2 (X« S ^ - 1 4 ) ^ T'(D7feKtC« 
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[00 1 5] iC^T, '^x^>Wti-ecDJi3D?:ffi^^-r^ 

usrax 0 ffltf J: ^ ummom^-f f sbh r s ^j^^at^r 

[00 1 6 J CCDli«?:?-U-hSPHRS©^S^r«lS6 

hSPHRS ^^iS0CCS:C:t^ni^c^ffl<DSmv- 
W^mv^U U > Xlfe P L CDSKifeffi ^ PI— OlS 3 

^ ^ > h -fe (isigv-^ ^ ^caj^ $ n/cgig 
c?>-w«. m^\mm^^4. 6 50. 9 8 3-^tcPB^ 

^«r^-^-^> F-fe>if-cD=^i' 'j:/ix-->3> 
-:f^m<D—m\t. m^u^m^nb, 243. 1 9 

[0017] tC^xm 1 tC^U/cffl>), 2|s:^#i|r« 
>X^PL<D5fe«C0lx>X^^<DTB (»:7X7^W<b(C>*f 

cncccto. ^s^*0^ccu>x^^(DTffi<t*^ 

2-- 1 mmCD{4g«:?f^;S^n'^i: ^CC^tt$nrc^'S>c 

tSoT. 3fe^<0^>X^^CDTffii^X^^WCD^ffiiC0 

P^CCff^^ti^^i^liOJl^^t 2 - 1 mmflSCC^jrO . 
50 ^<*:<i:*>CC. -^CDiS^^JirtCD^S^fii A'7(D?fe^^«l;^ 
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[0 0 18] ST. 7^;^^f'-'/;^WH^^. M^uvx 
Wrmi^^ItiiSSIIj) <t. TfelAAXtcgitncXY^ffiCc 

3 0±«:XY^rio]tc2^>:7c5^«)U. *;i/^f'-:/;wWH 
»x Y;3^ 2^ 3 4 ±«: 3 z :&r^iffl<DT ^ ^ X - 

d?32A. 32B. 3 2C^iftLXmK>i^iihti^o ^ 

rfr. 3':?C0ZTi'^^x-^i$:Sl^«:^fj:^M/cC:f Z 

[0 0 19] ^/c. XYy^f--t^3 4<D2;X7cS«j«. 

0 ^ ^ ^ S -l^ -2) D C ^ - -^I^SfcttC Jt;^ 
S -ii -5> «; ^ T ^ - ^"C«fiS S n ^ - 3 6 CC <fc 

x:^t^. Y:^r&3(DS14g^{t^itf'J'r6u--if^^it3 
^-^iu/cXYxf— e;^3 4<D±(*«^iut:«. w 

^t^?$P^¥8 - 2 3 3 9 6 4-^&fRtcP§^Sn/cli^^ 
[0 02 0] 3"C, 2^llii^'C«3S15U>X3F.PL(D7 

- -fe > 1f - CD^T^ f - A ^ SiJ > P L coaiJ 
T -7 ^ > b -fe > 1^ - F A D 4 U > XIS P L CD^fS 

[002 1 ] C0y^-ij^ ' Ty^ ^> h-fe>-t^-F 

b' - A -t^ :t - :^ i^tB^ CD t' - A L Q ^ 51 U 
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v-^<DXYfigx«(isrna^«r7^.-f^> 
[00221 ^\^xi^A±<r>y ^ -t^xm^s i tyy ^ 

^> hfi-^Saii±$i)fflS4 0tC3^fflSn. £$IJiai§4 
0{*>':t-;<7Xft^S f iCS-^C^r 3-:><7>Zr^^:xX 
-:$?3 2A. B. CCDS^^«a^|g«l-r2>fc2s?>©mf8 
^^;xy^:;^f'-5^$lJ^aIg3 5tcSlffl-r^c cntcj:-:)^ 

if*5tl^J:^k:. -SZr^5^j^X-:$?32 A. B. c* 

[0 02 3] */ci*iJfflJS4 0«. T^>fpf>Kt-^S 
aCCS-:5lir. U^^^I/Ri'^fX/xWicDtaW&^Ji^cCiig 
Bm^^M^ S ^i>1c}^(DX Y X 3 4 (Dl^^fig^ 
«S"r^. $iE>K:i»JffllS4 0«. '?X-'^W±(^)^^^3 

Y:&r^tcj9:ij u > xSi p L o^iJfS^ u c ^iij^Jtr 
20 x^N;;^f-"-i/««iaig3 si^sss^j^-r-s. 

[0 024] ^Tjcfc, H lip©7*-*rx • T^-r^> h 
•fe>1f-F A Dt*eiJU>X«P L05tiSSPS2cr) 1 

m(>cicliLi^^WL^^f^tiX\.>rj:i.>t^. iS:i^U>X3SPL<D 

5fe«gp^^fe^t?Y:fi^!^tc2■5r^, x:^r^u:2^m(Dit4 
PL^®uri5iB$tc«iUiL'r. u^^;uR<h'5x>'>wi 

fiigmit^jfi#ti^$jjtaig4 otciifflsn. b^^^b 

-;^T--i^l e^XYXf— S^3 4(0(4gtft66CCfiE*>n 
-2). 

[002 5] ic5riii(DS7fe^B». xy;^7"-^ 
3 4 ^ Y:^r^«:^3i^i6S -tir^sSTfe^if ^ 4>(Dr ^ 

40 TSftig-r^o H2«:*5i,iT. iaicti<Djag5u>x^PL 

mfffifU>X^LGa<J:f*PU'>X*LGb6Tf^^ 
WCcaLr^O. -€-(Dmr^U>X3^LGa if^SU^X 
SLGb iOfBl^C^. SKl^>X3^PL(DimEE pj!?^ 
W&r^. $/ca2^c^b/ct'^^;l'RtC«. !S:iJU> 

[0 0 2 6 ] -e-Ur U^^JUR±CDMiiSP ali. U^^ 

jbR^mt3!YttK:?9-:>/c:M:?i6]K:~®ij9[V r rx+ 

50 i'>^l6$-li-o-Q. 'i?x/NW^Yf*ic?S-:>fciE:;^f!ij{c- 




(6) 

9 

[0027] ST. U9^^;^R±CDf|igPaF*i<D>'^•;^;^ 
I^PL (U>X3^LGa. LGb) CCJ;oT'^x^^W± 

(c. ^'^^;^Ros^«Part©^^*^->o«;05'i?x>'^w 

V. i^B-j hmmsAb±icm'^mK<D/^^->mm 
2 4. 2 5 7-^ccga^$nrci^o 

[0028] i C ^-C0 1 . 2 tC7r:l./cS«5S*5lg 

{i. ^^^;^R±<DEIK>'^•^->«ii^<D?^^ftg7!)i^§f^^ 

$ %^x.T, MW«RiSA I omtK^'tomm^'^ 30 

♦a^K)K:»jJ:tt,mL/t:*s<. U3J>^L/^^j:;??5 6^<DS:3fe* 
e>X7*A3 3r'lta'JL'Tg:i^u>X3^PL^>PtT^':!7x 

P ^ ^ ^u:/^' F©MPcDff$tR'^:;'c» S ^iS^ S 40 

{0 02 9 ] m2fpP>mhi)^U^^l>c. SS^fRS 
MLXa-v:yi^:fyl^(^<0^m:>n^o ^>^5^. 
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H3;&#JSL/rSi?B-r^. H3ms«5U>Xl^PL<D5t 

iJU>X^PLC!^®f^05feaSiC«. T®Pe3&3^ffir 
±®;&^dli®CDiEU>X^^LE 1 3^)^^^^ ntl^^So C 
cr)U>X^^L E 1 (DTMP e mWi^m<0%^(D 

Tl^^o 5 6C<:iaiJU>X3SPL<Diiia5t^a$'C^g^*L 

•r^fi!n*/hs < \jx:^timo^'^t\:mM^^. 
mm^rixi^ co^mmi i 3«. :R{*0^tc«imm 

ti^^mi I 2itC-:}rxi)^^xi^^. 
[0 03 1 ] ST. *^*feWX'«a3U:^L//cJ:^>0C. 
!giKP>X^PL<Dit3aoP>X«^LE 1 ©TffiP e 

-&ffl[«cLQ<DaiSHqtt, ffliaLCC*fUT2-3^SSJK 

tLhritittj: < . m'oxt^j\^^r-^)iwH<Dmm^ 

LXOmf^L^m^XJh:^ <Ufc 
[0 0 3 2] CCX:^m^mxi^^mWLQ\t. X^f)^ 

:^^rj:m^xmmox^<. ^<omimitLX{t. i^Tt^t 
xommm^it^n^x^b^ < r ^ <bc^ ^ tcmj^.m^ 

[0 03 3] sr. }Ri*LQCD2&JSti*^@S?gJgtCj* 
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tit. u-^^y-^/r ^ >^^>>^Li:mfctmw<DU& 

AF = L • I N I • AT 10 

[0 0 3 4] ccr. mm^mimmvtn^mmo^ 

iaKS!{bSAT^O. 0 1 -Cib/ci^c^igHilXMSA 
AF.i,= L- I N. i -AT^O. 09nm 

AF,« = L • I N, I • AT^Snm 
[003 5] C <DifiBJRMfi«. — flftCCfiEffliSg A <D 1 20 
/3 OncC^L«l/5 0-^1/1 OOfiSj&sa^OCii 
$tirCi-&:<?^6. A r Fx:^^t^vu— tf:Sr^oA:«^K: 
l*g$n^fe^(DzSMiRmSAF..,it. A/^SOJ^cCl.^ 

SB'-l. 93nmW:SJb6n. S^b<«A/100 

ovtfC^a^^m&mmit. s^ro. 0241 w/m 

(3 ) (cau/c<^'5icy-^>^/'r^ x^>XL*5 1 0 
mm^CD^^. Um^itmATf)^0. 0 KCr^o/c 
iUrfc. ffe^-r^iSffiiR^AFi^ttf^giR^fiAF 

[0036] ^CX&i±<0^mif>ib. f*gjSBiRMSA 
F . „ ^^ffi 0 /cMS^I A T <b 9 - + > tJ^-r ^ ;^ ^ 

AF.„ = A/30^L • I N, I - AT 

J'jrlibtt. 40 

AF.„ = A/1 OO^L • I N, I - AT 

tuh. cct?. mM^t\^um.^itMAT^o. 0 1 

•C. iK:SA^l 9 3nm. Or?g<*LQ(^®}fi^^^{b 
SN«*r-8x 1 o~ VCi-T'Si. ii^^mt;^^^^?- 

fmm^cUht i fete. ffif*Bl^<DaS^lt^c^eSL.fc 50 
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[0 03 7] 

fj:t.?\imu(^mm(owtMm\ 1 3 3&sjK«$nTii 

hx. j1'SP<^)>'^W::/5 3^co&*5t^T^,>^, S;/5c5j5;i.5^' 

-€-LT2gailiS^5 OA. 5 0BW. jaS-feVI^-S 5 

WfflJ^6 0^c<fc-pr^j®i$n^o 

[0 03 8] ^^*-<>^5 3^^. ^^S^>'^*Jl/:/6 2 

h6 4<i:Stm#>:7'6 6CCS 

©JI^^^S^bT. h 6 4^^e)(D«(*L 

Q^>^NV:7*5 3«:eit&r'i>?jaffid^. ^N-W^:r5 3?&^6cD^g 

4 A ^^a?) > ^^(DWiW L Q ^CDSSiC^o 
SgS3g6 4B<b;!^^t:r6nri>^. $ 6«:iy±or)«^CC 

i5Cir.-'<;l/:/6 2. ^K>:7'6 4A. ?1I^^6 4B. SF 

[00391 C<D<fc^^C«^^C*JC^t:. «^X>|^W 

^ ^ > b $ n/ct*tsritift(D®«® 1 1 3 ±cc«^g$ ti 

^i. ®3OC^L)^c*^^«ffl0K't 1 1 2^/^ur^« 
ffiSSSn^o com. SSISMgSOA, 5 0B«. 

5 3. jiK5 2. «}5 l^/rUt:^i^;b^'7^'-:7';i.WH<D 
M^LB©I^SPtC-Se/cl:t'aA$nT. ^O^^^'^^U 
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{ 0 0 4 0 ] co^i: ^ {c*llifi«k: J:ti«. ffl^as** lo 

?S<*LQ^«if&a::.-> h 6 4rtCC(nIiRLr?gg$«ffiI'r^ 

^?aStC5)*l/rg|;&^ (mt^O. 5Xm&) (rCmfJ:'oX 
[0 04 1] 

^^moxmmr^, H5«5fe<os3(D«fiSi^a:ai//c 

:i?9 0i:. -7 :r • b-^ U > :5^<D/ces?><DZ:^I^^Sb 

i^'JU hj^tt^^f ^> Z LX7--i?8 2 iCCgmr^dO . 
ZL-:^-f-t?8 2±(C»j7X^>^i. -^t5^9 0:^igg$nT 
(r^-Sc ^l/TZL>^'^-i^8 2«. SoOZT^^aJ. 30 
-3?32A. 32C (32Bt3:^BS) ^/M>T. XY;^^ 

01. 3. 4tmm(tC^ HSBLB. mSjy'ly-b^HR 
S. *^IRlPfll©Bett 1 1 2, a^t*:L QCD«I&. Sfffiffi 
<D>'W:?'5 3 (H4#M) CCgJ^^n^alKS 3 A, 5 

SB^^-eti-en^M^tirc^^o /c/ct. iiK5 3A(j 

a5»k:-^:^j:*5-^t:4c5D. 51K5 3 Bti^xM^i. ^ 9 
0 fiSPCO 'i? X / NtSBSPO^ (gc ^SP^J^tc ili o r I ^ 
-5>o C(DJ:^^C'i?xy^^^^ -^^9 OF*g<DtttS:^B^«:«ft: 40 

SStC3o (2oo^H7r) (Da:il?L9 iTj^JfJ^^n. C 
OKiidFLQ 1 ^3i-:>"C±T»|-r^3'0 ( 2'^CD<^^(3ir:) 

f--t/3 4fPJjCCiI^$tl€>. -e<D3o<D-fe>^-T-:; y 
t'>8 3(i. »^7X>^^3^^ftBSiC^•^ ^^i?9 0±O'i?x>^>W 
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^ 9 0 ©iSBffitcsssiif n/ctSSr a 5 w: 

^•r<fc^CC-fe>^-T7:7'b'>8 3CD5fe^ffi«. f-l>»:; 

[0 04 3] -7?. :^mmmxiAmt^&^u>x^p 
L(o9cS&S6itc\t. D-'fmms 0 o9ci&i>c9tt» AX t mm. 

X\t. ca>WWCG<DTffii'>x/>Wcr>^®iO!5PJ 

fttSS 0C!>rtSP^»M»;«/X:«>i5te«Stirc>^o 
[0 04 41 CCD<fc^tCSg^U>X*PL<DJ<a®K:W 

^^*>^^ffi$'C<D^gt) *n 0--1 Smrngg-CAo 

t^^x^^iPh. mf^cG0mm(o—^^^i&^co 
m^oimmcoyt-^-'xmm-r^cti^x^. meik 
nx^ox{.^^mmmmc!m&WM ($>^mt^>^ 

y"^ 7.h-iyBlymJEUtLX<DiSmt^mi2m^ 

^^^>T^a:iJ u > xjs p L ©»»14fig*s«gE § tiT I ^ © 
-T-r ^ -2) c i cc^t> 0 tine c ^ 

[0 04 5] 

7j^U/c||]te0j£^KitU. '7-^^>>/'r-f xd?>X^@ 

«^0'^xyN^jfetCMT-2>*>CD'C^^o a6iCfcl>r. 
tSS5U>X3^PL<Dilig<DTffl8Ptc«. HltCn^U/cU 
— *fT^st3 3;&^600#Bgfflfc:'--AB S r ^SC^fTRSi 

A«U-1fTF^It3 SiC^O. #Mffifc'-ABS rOJg 

r^>. Z LX7"-*;>8 2(i3-:>0ZT:5'^i>^x-4?3 2 
A, 3 2 B (3 2 C«#Bg) ^/rtTXYXf^-iPS 4 
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•r^7k^:^(^ (XYffirt) <Dmii^M^Xi^^<tj:^J;: 
[0046] ^LT^Hiimfe. ^feCDSSil^tilCD'? 

:^\^(DmWDm^ 8 8 A. 88B^C<t:-:> Tl:b$$&^tC A# J'cC 
y^hU-^ (10-1 Smmgg) •CZLXf'-ys 2 

{c*forz:^ffijcc^tt-r-2)«^{cofcc<!:r*-s. cc5 

/ciii>(0ZT^^^J--:^3 2 A. B. Cig^'jrO. 

+ ^ 9 0 ^^OX h a- ^om^mv^W}^'^^ 

(0 04 7] fet±0DJ:-5itC«iS'C. S6«•>x>'^WCC^^ 
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